The lead hybridization concept was used to synthesize the series of 40 novel compounds having a 1,2,4-triazole moiety allied to various bioactive amines via carboxamide linkage. One pot two step reaction protocol was followed using K 2 CO 3 as novel and efficient catalyst. The titled compounds were made through preliminary screening for antifungal potential against various phytopathogenic fungi. Compounds 1a, 5a, 9a, 5b and 9b showed appreciable fungitoxicity against most of the test fungi. The best result was shown by compound 1a against Drechslera oryzae, which was comparable to the standard triazole fungicide, propiconazole. Lipophilicity (log P) was taken as critical factor that amend the bio-efficacy of the test compounds.
INTROdUCTION
Complex II inhibitors play an important role in agrochemical fungicide research and have been known for more than 40 years 1 . The amide belongs to this group of inhibitors and has been known in this area since the discovery of carboxiin 2 and class of ortho-substituted phenyl amides. This leading impact of carboxamides as agrochemical fungicides led to further derivatization and commercialization of a variety of fungicidal compounds. Boscalid, Flutolanil, Mepronil and Tiadianil are some commercially available carboxamides ( Figure 1 ) which have marvellous ability to protect certain plants from severe diseases due to their enhanced penetration effects across the cuticle of the plants 1,2,4-triazole is another proven lead in the chemical control of fungal diseases as 14-alpha demethylase inhibitors [4] [5] [6] . A large variety of them have been derivatized, patented, commercialized and are in use as fungicides for last 30 years. Triadimefon, Tebuconazole, Uniconazole and Propiconazole are some of the well-known available commercial agricultural fungicides ( Figure 1 ). But occurrence of resistance towards these bioactive 1,2,4-triazole fungicides demands novel and chemically diversified approach towards the synthesis of their novel analogues as reduced risk fungicides 7 .
Prompted by the augmented effect of lead hybridization on the fungitoxicity profile of novel molecules [8] [9] [10] [11] , biopotential of 1,2,4-triazole and carboxamide leads as antifungals, along with physically compatible behaviour of amides as crystallization inhibitors for azole fungicides 12 , we herein, reported the synthesis and antifungal potential of novel 1,2,4-triazolylamides. The results of fungitoxicity were further rationalized on the basis of in silico toxicity analysis and log P calculations with statistical work-up.
MATERIALS ANd METHOdS

Chemicals and instrumentation
All solvents and reagents were purchased from CDH Company. Solvents used were of analytical reagent grade and purified by standard drying methods 13 . The products were splendidly purified and the purity of all the compounds was checked on a silica gel-G plates and visualization was done using iodine lamp. 1 H NMR and 13 C NMR spectra were recorded on a Bruker Avance II 400 MHz spectrometer in DMSO-d 6 using TMS as an internal standard. The IR spectra were recorded on a Perkin Elmer FT-IR spectrometer using KBr disc. Mass spectra were recorded on a Perkin Elmer Clarus 500 Mass Spectrometer. Melting points of the synthesized molecules were determined in open capillary tubes and are uncorrected.
Chemistry General Procedure for the synthesis of (4H-1,2,4-triazol-4-ylamino)-(substituted) acetamide (1a-10a)
To the corresponding amine (0.02 moles) in dried acetonitrile (10 mL) was added 4 grams of potassium carbonate, and the mixture was stirred and cooled to 0°C. To the cold mixture, chloroacetyl chloride (3 ml, 0.03 moles) was injected slowly under vigorous stirring in a sealed flask with a gas outlet. The stirring was continued maintaining temperature between 0-5°C, till the change in the physical appearance. The formation of the intermediate product was confirmed by the appearance of the new TLC spot using dichloromethane (1:1) as the solvent system. 4-Amino-1,2,4-triazole (1.26g, 0.015 moles) dissolved in dried acetonitrile with few drops of acetic acid (co-solvent) was drop-wise added to the same reaction mixture and stirring was continued at room temperature. The completion of reaction was again confirmed using TLC with modified mobile phase. The 1% (v/v) of acetic acid was used to increase the R f of the final product. The mixture was filtered to remove the salt obtained as by-product and the solvent was removed under vacuum. The product was washed with diethyl ether and allowed to solidify and recrystallized from ethanol.
2-(4H-1,2,4-triazol-4-ylamino)-1-(1H-benzo[d]imidazol-1-yl)ethanone (1a)
Off To a solution of 4-amino-1,2,4-triazole (1.68 g, 0.02 moles) in dried acetonitrile (10 mL) and few drops of co-solvent acetic acid was added 4 grams of potassium carbonate, and the mixture was stirred and cooled to 0°C in a sealed flask with a gas outlet. To the cold mixture, chloroacetyl chloride (3 ml, 0.03 moles) was added slowly under vigorous stirring maintaining the low temperature. The stirring was continued till the appearance of the new TLC spot with dichloromethane as solvent system. The corresponding amine (0.015 moles) added to the same reaction mixture and stirring was continued at room temperature. The completion of reaction was confirmed using TLC, and the polarity of the solvent was increased with acetic acid (1%) to get the higher R f of the final product. The mixture was filtered to remove the by-product and the solvent was removed under vacuum. The product obtained was allowed to solidify and washed with diethyl ether to obtain the pure solid and recrystallized from ethanol.
2-(1H-benzo[d]imidazol-1-yl)-N-(4H-1,2,4-triazol-4-yl)acetamide (1b)
Off white solid, Yield: 44%, Mp. 265-266°C. IR (cm 
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General Procedure for the synthesis of Substituted-(1H-1,2,4-triazol-1-yl)acetamides (1c-10c)
To a solution of different amines (0.02 moles) in dried acetonitrile (20 mL) was added 4 grams of potassium carbonate, and the mixture was stirred and cooled to 0°C. To the cold mixture, chloroacetyl chloride (3 ml, 0.03 moles) was added drop wise under vigorous stirring. The stirring was continued till the appearance of the new TLC spot. 1,2,4-Triazole (1.135 g, 0.015 moles) dissolved in dried acetonitrile with 2-3 drops of acetic acid was added to the same reaction mixture and stirring was continued at room temperature. The completion of reaction was confirmed using TLC, with dichloromethane as solvent system. The mixture was filtered to remove the salt obtained as byproduct and the solvent was removed under vacuum. The product so obtained was allowed to solidify and then recrystallized to give the pure product.
4.2.3.1.1-(1H-benzo[d]imidazol-1-yl)-2-(1H-1,2,4-triazol-1-yl)ethanone (1c)
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General procedure for the synthesis of 2-(1H-1,2,4-triazol-1-ylamino)-N-(substituted) acetamide (1d-10d)
To a solution of 1,2,4-triazole (1.38 g, 0.02 moles) in dried acetonitrile (10 mL) with few drops of acetic acid, was added 4 grams of potassium carbonate, and the mixture was stirred and cooled to 0°C. To the cold mixture, chloroacetyl chloride (3 ml, 0.05 moles) was added drop wise under vigorous stirring. The stirring was continued till the appearance of the new TLC spot, with dichloromethane as the solvent system. After the appearance of new spot was added the different amines (0.015 moles) and stirring was continued at room temperature. The completion of reaction was again confirmed using TLC, with 1% (v/v) acetic acid/dichloromethane mixture as solvent system. The mixture was filtered to remove the salt so obtained as by-product and the solvent was removed under vacuum. The product so obtained was allowed to solidify and recrystallized to obtain the pure product.
2-(1H-benzo[d]imidazol-1-yl)-1-(1H-1,2,4-triazol-1-yl)ethanone (1d)
2-(1H-imidazol-1-yl)-1-(1H-1,2,4-triazol-1-yl)ethanone (2d)
White solid, Yield: 38%, Mp. 185-186°C. 4.2.4.3. 2-(Phenylamino)-1-(1H-1,2,4-triazol-1-yl 
. 2 . . 5 . 1 -( 1 H -1 , 2 , -t r i a z o l -1 -y l ) -2 -( 3 -(trifluoromethyl)phenylamino)ethanone (5d)
Light brown solid, Yield: 45%, Mp. 281-282°C. IR (cm -2-ylamino)-1-(1H-1,2,4-triazol-1-yl) -3-ylamino)-1-(1H-1,2,4-triazol-1-yl) -2-ylmethylamino)-1-(1H-1,2,4-triazol-1-yl) In silico analysis Toxicity Analysis Toxtree v2.6.6 is an open-source software application used to analyse the toxic effect of different molecules. In order to find out the toxic hazards of all the synthesized compounds, two dimensional models of the compounds were first converted into its simplified molecular-input line-entry system (SMILES format) using the online SMILE converter. Then SMILES code was simply put into the Chemical identifier row available in the Toxtree software, to get the toxic characters of the molecule.
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Log P prediction
Molinspiration, a web based software was used for calculating log P values. It involved the use of two computer assisted steps. Firstly, the two dimensional structure of the molecule was drawn in Chemdraw Ultra 10.0 module and the output was saved as .mol file. The .mol files were then converted into SMILES code using the online converter and put in the workspace of molinspiration interface to obtain the predicted log P values.
Evaluation of in vitro antifungal activity
The in vitro antifungal activity of all the title compounds were evaluated against seven phytopathogenic fungi viz. Alternaria The in vitro effective molar concentrations of the compounds were determined by Spore germination inhibition technique. For assays, the title compounds to be tested were dissolved in 10 ml of distilled water with small amount of surfactant, Tween 20, wherever necessary, and serial dilutions were made as per the requirement. The incubation temperature and time followed for different fungi were as reported in the literature. All of our susceptibility tests were performed three times by each antifungal agent and the mean of three replicates were subjected to probit analysis for calculating median inhibition concentration (EC 50 ) required to prevent the growth of test spores.
Statistical Analysis
The IBM SPSS statistics 20 software was used to perform the correlation analysis to confirm the relationship between the the log P and EC 50 values. The relationship between the two was then assessed by fitting a linear regression model to obtain an equation of prediction between the dependent variable (EC 50 value) and the independent variable (log P) by the least square method. The equation is formally expressed as follows:
where, Y is a dependent variable, X represents the independent variable, A and B are the regression coefficients determined by the least square analysis. All the results were compiled at 5% level of significance (P < 0.05).
RESULTS and dISCUSSIONS
Chemistry
Earlier reports from our laboratory on 1,2,4-triazole derivatives endorsed the favourable influence of lead hybridization on the fungitoxic profile against various phytopathogenic fungi 9, 11 . In continuation of this work, on the synthesis of novel antifungal agents by lead hybridization approach, we have extended our synthetic horizon to the synthesis of 1,2,4-triazolylamides along with heterocyclic/aryl amines in a single molecule.
Perusal of literature revealed that, synthesis of amides involved the use of organic bases and water work-up to obtain the pure products [14] [15] [16] [17] but, these methods were not considered to be appropriate with the use of triazoles as reactants. Both 1,2,4-triazole and 4-amino-1,2,4-triazole are highly hydrophilic in nature that led to their insolubility in most of the organic solvents. So, as an alternative pathway to overcome this drawback, we followed one pot two step reaction protocol, using soild potassium carbonate support. Acetonitrile The purity and homogeneity of the products were confirmed by single spot thin layer chromatography. After completion of the reaction, the by-products were removed by filtration. The crude solids obtained after evaporation of solvent were purified by recrystallization from ethanol. The spectral data (IR, 1 H NMR, 13 C NMR and Mass spectroscopic analysis) of all the synthesized compounds were correlated with the proposed structure, which confirmed the formation of the compounds. General reaction protocol is represented by Scheme 1 and Scheme 2.
Antifungal Activity
The spore germination inhibition technique 20 was followed to carry out the antifungal evaluation of all the synthesized compounds and the results were recorded in terms of EC 50 values (effective molar concentration at which 50% growth of the test fungus is inhibited Comparative evaluation of 4-amino-1,2,4-triazole and 1,2,4-triazole derivatives showed the edge of 4-amino-1,2,4-triazole derivatives in the bioactivity profile. Most of the 1,2,4-triazole derivatives were inactive, and direct association of the carbonyl group (-CO-) with the ring made a neutral impact on the activity. Therefore, it can be clinched that the 4-amino-1,2,4-triazole ring can be better used for further development of the amide derivatives. It was further supported by the fact that most of the commercialized carboxamide fungicides (Figure 1 ) involve the use of primary amine derivatives.
All the compounds had shown the moderate activity when compared with the positive control. The EC 50 values revealed that the compounds with a naphthyl ring in the structure (9a, 9b, 9c and 9d) showed good results among the individual classes owing to the higher lipophilicity of these derivatives.
The presence of benzimidazole moiety also inflicted positive effects on the overall results as supported by Bai et al. 21 . On the other hand there is no specific bioactivity of the compounds with imidazole and 1,2,4-triazole ring in the structure and this may be due to very low lipophilicity (negative log P) of the compounds, because of two highly hydrophilic rings in a single structure. Among aniline derivatives (3a, 4a, 5a; 3b, 4b, 5b; 3c, 4c, 5c; 3d, 4d, 5d) the fluoro substitution in the rings had positive influence on the antifungal activity 9, 11 of the compounds and these results were also in consonance with the lipophilicity factor. The similar results favouring the fluorination in the molecule were reported by Tang and co-workers who reported fluorine substituted amidotriazoles with favourable activites 22 . Presence of pyridine ring did not induce favourable inhibition of the germination of the fungal spores. The position of attachment of the ring to the parent structure (6a, 7a, 8a; 6b, 7b, 8b; 6c, 7c, 8c; 6d, 7d, 8d) also resulted in insignificant variation in the bio-efficacy of the molecules.
